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ABSTRACT:  This  report  summarizes  recent  results  of  work  on 
the  Propellant  Sensitivity  Project  with  particular  eiq>hasls 
on  the  use  of  gap  test  auid  other  small  scale  test  results  to 
help  answer  practical  safety  questions.  It  Is  shown  that 
measured  Initiating  pressures  are  highest  near  the  critical 
diameter  of  the  test  material  and  decrease  to  their  lowez'^ 
value  at  an  effectively  Infinite  acceptor  diameter.  The 
standard  confinement  of  the  gap  test  Is  shown  to  '^'crease  the 
effective  acceptor  diameter  by  a  factor  of  2.3  for  Coop  B. 

Gap  test  results  show  good  correlation  with  large-scale  field 
tests,  blimt-nosed  bullet  tests,  and  the  approximately  one- 
dimensional  wedge  test  results;  It  Is  therefore  believed  that 
the  gap  test  measures  a  30^  Initiating  pre;t8ure  close  to  that 
for  an  Infinite  diameter  acceptor. 

A  supplement  to  the  HOL  Shock  Sensitivity  Test  for  propellants 
has  been  devised  whereby  the  Judicious  choice  of  explosive 
witness  systems  makes  It  possible:  (1)  to  assess  the  strength 
of  reactions  of  too  low  Impulse  to  produce  a  positive  result 
vinder  the  conditions  of  the  staundard  test  and  (2)  to  measure 
the  sensitivity  to  shock  Initiation  of  substances  exhibiting 
such  reacclons.  (U) 
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The  work  reported  here  was  carried  out  under  continuing 
NOL  Task  52 J,  Polaris  Sensitivity.  It  was  reported,  in  less 
detail,  at  the  Deflairratlon  Detonation  Seminar  sponsored  by 
the  Special  Projects  Office  at  Downey,  California  on 
5  and  6  December  1961.  The  present  results  will  be  subject 
to  revision  as  the  work  progresses. 
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SAFETY  INFORMATION  FROM  PROPELLANT  SENSITIVITY  STUDIES 

In  common  with  all  sensitivity  investigations,  the 
objective  of  the  work  on  propellants  is  to  understan-i  the 
process  of  initiation  (by  any  external  stimulus)  and  any 
subsequent  self-propagatirig  reaction.  With  sufficiently 
detailed  information,  it  should  be  possible  to  answer 
practical  questions  arising  from  safety  considerations. 

Some  of  the  important  questions  are: 

1.  How  easily  will  ignition  and  propagation  of 
bumir.g  occur? 

2.  Can  detonation  occur? 

3.  If  so,  what  is  the  probability  of  transition 
from  burning  to  detonation? 

4.  What  d3image  will  a  run-away  reaction  cause? 

It  has  been  found  (l)  that  propellants  generally  exhibit 
high  to  very  high  Impact  sensitivity.  Hence,  propellants  are 
easy  to  ignite  and  bum,  a  characteristic  to  be  expected  of 
materials  used  as  propellants.  Work  is  underway  at  :..£xny 
laboratories  to  assess  the  degree  of  fire  hazard  and  mud. 
still  remains  to  be  done  in  this  field,  but  the  present  work 
has  been  concentrated  on  more  damaging  reactions  t’  simple 
combustion.  Any  easily  combustible  material  capable  of 
enei'getlc  exothermal  reaction  immediately  suggests  the  possi¬ 
bility  of  detonation.  Ety  use  of  a  standardized  gap  test 
(2,  3),  it  has  been  possible  to  obtain  much  information  on 
whether  a  propellant  is  detonable  and,  if  sa,  how  easily  (3). 
Since  the  gap  or  shock  sensitivity  test  mea.sures  the  minimum 
initiating  pressure  required  to  Induce  detonation,  it  also 
provides  some  information  about  the  probability  of  an  occur- 
ance  of  transition  from  b\’ming  to  detonation  In  the  pro¬ 
pellant;  the  lower  the  pressure  required  for  Initiating 
detonation,  the  more  probable  that  such  a  shock  pressure  could 
be  built  up  by  confined  burning  of  the  propellant  (4)  and 
hence  that  a  transition  could  occur. 

VARIATION  OP  SHOCK  TEST  VALUES  WITH  TEST  DIAMETER 

The  critical  diameter  of  a  detonable  material  has  a 
limiting  effect  on  any  test  for  shock  sensitivity.  If  the 
test  diameter  used  is  less  than  the  critical  diameter  for 
propagation  of  detonation,  the  result  from  the  standardized 
gap  test  at  zero  gap  is  a  no-go.  Even  if  the  effective  test 
diameter  is  above  but  near  the  critical  diameter,  the 
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Intuitive  expectation  is  that  a  higher  pressure  would  be 
required  for  initiating  detonation  than  in  the  case  of  a 
charge  of  laj^ger  diameter.  That  this  is  in  fact  the  case  is 
shovm  for  cast  TNT.  The  computed  detonation  pressure  Just 
above  the  critical  diameter  is  about  150  kbar  (5);  under  near- 
failure  conditions,  .vliere  the  possibility  of  reaction  build-up 
is  negligible,  this  Sihould  also  be  the  required  initiating 
pressure.  In  contrast,  the  measured  initiating  pressure*  on 
the  standard  gap  test  is  37.3  kbar. 

While  quantitative  v;ork  on  shock  sensitivity  is  still 
confined  to  measurement  and  interpretation  of  peak  pressures, 
there  is  general  agreement  that  Initiation  is  the  result  of 
the  entire  pressure  loading  l.e.,  of  the  pressure-time  historjr 
of  the  initiating  shook.  In  the  region  that  the  shock  atten¬ 
uation  by  rarefaction  is  due  only  to  lateral  rarefaction  waves, 
the  shock  duration  should  be  proportional  to  the  charge 
diameter.  Thus  Increased  shock  duration  can  explain  the  de¬ 
crease  in  required  peak  pressure  for  initiation  as  charge 
diameter  is  increased. 

The  trend,  decreased  initiating  pressure  with  increased 
diameter,  has  been  found  experimentally.  It  is  demons u  ated 
by  results  from  an  uncallbrated  gap  test  (6)  as  well  as  with 
those  from  a  calibrated  half-inch  diameter  gap  test  (7)  for 
which  two  test  matei*lals  can  be  compared  quantitatively  with 
approximately  the  same  materials  tested  on  the  .•‘tandardlzed 
1.5  inch  confined  diameter  test.  Since  the  trend  is  both 
expected  and  demonstrated,  ar»  estimate  of  the  effective  diame¬ 
ter  of  the  standardized  test  would  be  desirable.  The  term 
"effective"  diameter  is  used  to  designate  the  diameter  of  the 
unconfined  charge  for  which  the  gap  test  value  is  equal  to  that 
foxmd  under  the  standardized  confinement.  Obviously  the 


*  It  was  pointed  out  previously  (3)  that  the  pressure  trans¬ 
mitted  into  the  test  charge,  the  initiating  pressure.  Is  15 
to  30^  higher  than  the  pressure  lAcldent  at  the  Luelte/ 
acceptor  boundary.  The  standardized  gap  test  measures  the 
latter,  the  incident  pressure.  To  compute  the  Initiating 
pressure  it  is  also  necessary  to  know  the  Hugonlot  data  of 
the  unreacted  propellant.  In  general,  these  are  not  known, 
but  the  Hugoniots  for  .non-porous  propellants  and  e^^Jloslves 
can  be  approximated  by  that  for  unreacted  cast  TNT  (3).  The 
initiating  pressures  of  thlo  report  have  been  obtained  by 
using  this  approximation. 
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closer  the  effective  dleimeter  to  an  infinite  diameter,  for  the 
standardized  test  load  ,  the  better  the  approximation  of 
considering  the  measured  initiating  pressure  an  intrinsic 
sensitivity  property  oi  the  test  material. 

EFFECT  OF  CONFINEMENT  ON  TEST  RESULTS  IN  THE 
STANDARDIZED  GAP  TEST 

Six  different  materials,  including  the  explosive  itself, 
were  used  as  confinement  in  the  standard  test  georr.et.-?y  (2,  j). 
The  results  for  two  cast  explosives,  pentolite  and  Comp  B,  are 
given  in  Table  1.  The  more  shock  sensitive  material, 
pentolite,  exhibited  no  confinement  effect;  for  this  charge 
the  effective  diameter  in  the  standard  test  is  approximately 
infinite.  On  the  other  hand.  Comp  B  shoved  a  definite  con¬ 
finement  effect;  these  results  indicate  that  the  effective 
diameter  in  the  standard  geomet3?y  v/ill  differ  for  each  charge 
and  that  the  confinement  will  have  increasing  effect  as  the 
shock  sensitivity  of  the  test  charge  decreases. 

In  the  case  of  Cort5>  E,  confining  materials  of  Impedariv^ 
approximating  that  of  the  explosive  Xslass,  Luclte,  and 
Comp  B  Itself)  all  have  approximately  the  same  eff e' •  jn  the 
gap  test  value.  The  metals  (lead,  steel,  and  alminum)  have 
an  appreciably  greater  effect.  If  it  is  assumed  that  the 
required  incident  pressure  varies  linearly  with  the  reciprocal 
diameter  of  the  equivalent  bare  charge,  the  '^ata  indicate  that 
the  standard  steel  confinement  has  increased  the  effective 
diameter  of  Comp  B  by  a  factor  of  2.5  *.  On  the  same  assump¬ 
tion  it  is  possible  to  obtain  a  fair  approximation  to  all  the 
iCfaults  of  Table  1  by  a  simple  inertial  effect  of  the  confi.ning 
tube  i.e.,  by  considering  the  mass  of  the  tube  replace!  by  an 
equal  mass  of  explosive.  This  may  be  merely  a  fortuitous 
result  of  the  selection  of  confining  materials  because  the 
shock  Impedance  of  the  confinement,  which  was  not  measured, 
would  be  expected  to  control  the  confining  effect. 

The  most  useful  results  of  this  exploratory  work  are  the 
indications  that  confinement  is  most  effective  on  materials 


•This  is  the  diameter  effect  for  a  given  donor;  it  is  not  the 
factor  to  be  expected  v/hen  both  donor  and  acceptor-  are  scaled. 
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showlns  lower  shock  sensitivities  and  that  the  standard  gap 
test  confinement  results  in  an  effective  diameter  of  about 
5,2  cm.  fci'  Comp  B.  In  terms  of  reciprocal  diameter,  this  Is 
0.11  cm~^  as  compared  to  zero  for  infinite  diameter. 

TABLE  1 

Effect  of  Confinement  on  Gap  Test  Values 

Point 


Confinement 

- iTTgiafcnc' 

Gap  Pressure 

No .  Cards  kbars 

Cast 

Pentolite  50/50 

None 

3.B1 

- 

266 

5.3- 

Steel 

3.66 

4.76 

264* 

5.5 

Cast 

Composition  B 

Lead 

3 . 66 

4.76 

204 

17.1 

Steel 

3.66 

^•'.76 

201 

17.7 

Alumlnv^r. 

3 . 66 

4.76 

179 

21.5 

None 

4.7^ 

—  — 

159 

25.9 

Glass 

3 . 65 

4.44 

158 

26.3 

Luclte 

3 . 66 

4.76 

156 

26.8 

None 

5.  3l 

-  ^ 

143 

30.0 

*  Tested  at 

ambient  temperature;  all  other 

tests  at 

250c. 

i  REDICTIOI!  OF  LARGE-SC.VLS  FIELD  TEST  RESULTS 
FROI'  GAP  TEST  VALUES 

For  propellants,  which  generally  exhibit  shock  sensitivi¬ 
ties  less  than  that  of  Con^)  B,  the  confinement  of  the 
standardized  gap  test  should  be  quite  effective,  and  the 
inltiatlnc  pressures  so  measured  should  approximate  those 
required  under  large-scale  field  test  conditions.  This  has 
so  far  proved  to  be  the  case . 
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Drop  Tests 

D?.ti.  are  nov/  available  for  larn;e  ccale  (20  lbs.  or  more), 
40-foot  drop  tests  of  three  propellants  (8,  9>  10);  the  sample 
is  dropped  onto  a  flat,  three  inch  thick,  steel  plate  backed 
up  by  a  concrete  slab.  Drops  are  also  made  on  plates  contain¬ 
ing  0.75  in.  diameter  by  one  inch  high  steel  lugs.  The 
propellants  tested  v;ere  A1!P-2659AF,  DGV,  and  a  nitrasol;  their 
gap  test  values  ranged  from  no-go  to  70  cards  and  Impact 
height  values,  Q  to  22  cm.  Field  experience  has  shovm  no 
unsafe  incidents  from  handling;  non-porous  propellants  v;lth  sxich 
characteristics,  and  the  gap  test  value  gives  a  reqi,ilred  initi¬ 
ating  pressure  of  65  kbar  or  more  to  induce  detonation  in  the 
two  materials  detonable  in  the  standard  configuration.  After 
a  4o-foot  free  drop,  the  impact  velocity  is  5I  ft/sec  or 
0.016  mnv/psec;  the  resultliig  pressure  in  the  propellant  is 
about  one  kbar.  Consequently  no  detonation  v;ould  be  expected 
from  this  height  drop,  nor  liras  any  obtained.  In  some  cases  - 
particularly  from  drops  on  lugs  -  burning  did  occur. 

These  results  may  be  compared  with  those  for  cast  TNT. 
HBX-1,  HBX-3,  Comp  B  and  H-6  (8,  11).  This  group  of  explosives 
shovrs  a  gap  test  value  range  of  IpS  -  201  cards  (m.:i.nimur. 
initiating  pressure  of  21.2  kbar)  and  of  45  -  215  on.  x.i  Impact 
height  values.  Again  no  detonation  would  be  expected  and  none 
was  observed.  There  was  only  one  case  of  burning  Induced  by 
the  drop;  this  shovrs,  as  does  the  impact  height  test  values, 
that  the  propellants  are  easier  to  Ignite  and  burn  than  the 
high  explosives. 

High  Velocity  Impact 

BULLFUP  v/arheads,  loaded  v/lth  about  104  lbs.  of  K-;^515 
nitrasol  were  placed  on  rocket  sleds  vrhich  v/ere  accelerated  to 
940  -  960  ft/sec.  The  sleds  were  stripped  off  and  the  warhead 
stinicK  the  target  at  a  velocity  of  about  1000  ft/sec  {68O  miles 
per  hour).  The  target  was  either  1^  inch  steel  plate  or  12  in. 
reinforced  concrete  walls.  In  both  cases,  the  warhead  con5)lete- 
ly  penetrated  the  target  without  detonating  although  rapid 
deflagrations  did  occur  after  penetration.  This  testing  vfas 
carried  out  at  the  Naval  Weapons  Laboratorj-,  Dahlgren,  Va.  (12). 

M-3515  nitrasol  has  net  been  tested  at  this  Laboratory 
although  a  very  similar  composition,  H-5515  has  been.  The  gap 
test  value  was  74  cards;  the  Inpact  test  height,  14  cm.  The 
required  initiating  pressure  is  65.5  kbar  whereas  that  Induced 
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by  1000  ft/sec  Impact  on  steel  is  only  l4  kbar.  Consequently 
no  detonation  would  be  expected  from  this  test.  The  burning 
after  impact  and  penetration  Is  In  accord  with  the  low  intact 
test  height. 

Shock  Sensitivity  Test 

A  full  scale  test  of  a  motor  loaded  with  7500  lbs  of 
DDP-70  was  made  to  determine  the  sensitivity  of  this  load  to 
shock  from  a  one  lb.,  so-far  bomb  (15).  The  bond),  containing 
an  aluminized  explosive,  was  separated  from  the  propellant  by 
four  feet  of  mixed  media  (Instrumentation  and  air).  lE^r  approx* 
Imatlng  the  mixed  media  with  water  and  using  experimental  data 
for  underwater  pressure-distance  curves  obtained  from  alumi¬ 
nized  explosives,  a  very  rough  estimate  of  several  tenths  of  a 
kllobar  transmitted  to  the  propellant  was  obtained.  DDP-70  had 
a  gap  test  value  of  60  cards  l.e.,  a  required  Initiating 
pressure  of  69.7  kbar.  Hence  the  failure  to  obtain  detonation 
in  the  field  test  Is  explained.  Moreover,  the  low  estlsiats  of 
transmitted  pressui:*e  was  confirmed  by  the  fact  that  the  pro¬ 
pellant  was  not  even  broken  up  by  the  pressure  transmitted  to 
It. 

Wedge  Test  Results 

Both  the  effect  due  to  the  confinement  on  the  gap  test 
values  and  the  correlation  found  between  the  g^  test  values 
and  the  large-scale  field  tests  Indicate  that  the  initiating 
pressures  measured  In  the  standardized  test  are  close  to 
the  infinite  diameter  values,  l.e.,  are  a  measure  of  the  In¬ 
trinsic  shock  sensitivity  of  the  material  tested.  Veiy  recent 
work  (l4)  offers  much  stronger  evidence;  Shock  Initiation  stud¬ 
ies  by  means  of  the  wedge  test,  an  approximately  one-dlmenslonal 
experiment,  showed  that  "the  value  of  pressure,  vhlch  will  Just 
produce  detonation  In  wedges  and  cylinders  In  an  lndefl2iltely 
long  run  distance  (asynqptotlc  value),  appears  to  be  jqiproachlng 
that  of  the  50^  card-gap  pressure  value''.  If  subsequent  work 
confirms  the  present  results,  they  mean  that  ttie  Initiating 
pressure  measur>ed  by  the  wedge  test  and  the  Initiating  pressure 
measured  In  the  standardized  gap  test  are  the  same. 

EQUIVALENCE  OF  OAP  AND  BLUNT-NOSED  BULLET  TESTS 

Further  safety  Information  Is  available  from  the  blunt- 
nosed  bullet  test.  Indeed,  because  of  Its  equivalence  to  the 
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gap  test,  the  bullet  test  results  also  assist  in  the  interpre¬ 
tation  of  the  standardized  test  results. 

Brovm  and  Whitbread  (15)  first  established  the  equivalence 
between  the  gap  and  the  blunt-nosed  bullet  tests.  They 
measured  the  velocity  reqialred  for  the  50$^  probability  of  det¬ 
onation  of  explosives  scruck  by  high  velocity  cylinders  and 
balls;  they  showed  for  nine  explosives  that  the  50^  brass  gap 
thickness  varied  linearly  with  the  SOJo  velocity  measured  for 
steel  balls.  Both  the  donor  and  ball  diameter  were  0.5  in. 
Moreover,  using  0.5  in.  diameter  cylinders*  of  four  different 
materials,  they  were  able  to  determine  the  required  initiating 
pressure  of  the  test  explosive.  They  did  this  by  using  pro¬ 
jectile  materials  for  which  the  Hugonlot  data  pressure- 
particle  velocity)  were  known;  the  measured  5056  velocity  value 
for  a  given  projectile  material  gave  the  initial  point  from 
which  its  curve  could  be  drawn  in  the  pressure-particle  veloc¬ 
ity  plane.  The  curves  for  the  four  materials  intersect  at  the 
pressure  required  to  initiate  the  test  material.  By  this 
procedure,  the  Initiating  pressure  was  measured  for  two 
explosives;  tetrytol  91/9  and  RDX/Wsuc,  85/I7. 

Later  Wenograd  (16)  working  with  Whitbread  begar  «  study 
of  the  effect  of  cylinder  diameter  l.e.,  of  Impacted  area,  on 
the  initiating  pressure  required  for  RJDX/Wax,  85/I7.  Using 
only  two  materials,  steel  and  aluminum,  he  varied  the  diameter 
of  his  cylinders  from  O.I88  to  O.685  in.  and  measured  the  50^ 
velocity  required  to  initiate  the  1.5  inch  diameter  RDX/Wax 
acceptor.  Wenograd 's  unsmoothed  data  are  given  in  metric  units 
in  the  first  four  columns  of  Table  2. 

These  velocity  data  car  be  treated  in  two  ways  to  obtain 
the  initiating  pressures;  (a)  determine  the  pressure  at  the 
intersection  of  the  metal  Hugonlot  v;lth  that  of  the  explosive 
in  the  pres sure -particle  velocity  plane,  and  (b)  determine  the 
pressure  at  the  intersection  of  the  tv/o  metal  Hugonlots.  The 
initial  particle  velocity  from  which  the  metal  Hiagonlots  are 
dravgi  is,  of  course,  the  measured  50;^  velocity  value.  Method 
(a)  requires  the  Hugonlot  data  for  iron  and  2S  aluminum  (17) 
as  well  as  that  for  TNT  to  approximate  the  RDX/Wax.  Its  use 
gives  two  values  of  the  Initiating  pressure  for  each  diameter 
tested;  the  values  are  the  same  within  5/6  or  less.  They  are 


*  Effectively  infinite  in  length. 
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tabulated  and  averaged  in  Table  2;  the  averaged  values  are 
plo^’-ted  In  Pig.  1.  Method  (b)  gives  one  value  for  each 
dljuneter  and  Lhc  pressures  derived  by  this  method  show  no 
reasonable  trend  with  changing  diameter  as  do  the  set ‘from 
method  (a).  The  Intersections  used  In  method  (b)  are  very 
small  angled;  this  Increases  the  error  of  reading  and  magnifies 
the  effect  of  small  errors  In  the  measured  velocities.  Method 
(a).  In  contrast,  utilizes  Kugonlots  Intersecting  at  larger 
angles,  and  thus  results  In  better  values. 

Fig.  1  shows  an  apparently  linear  variation  of  the 
required  Initiating  pressure  with  the  reciprocal  diameter  of 
the  area  of  Impact  for  diameters  equal  to  or  greater  than 
0.95  cm.  It  also  shows  the  expected  trend  of  decreasing  Inlt 
atlng  pressure  with  Increasing  diameter.  Further  experiments  . 
data  are  necessary  to  define  all  portions  of  this  cui*ve, 
particularly  that  at  the  smaller  diameters. 

The  explosive  RDX/Wax,  85/I7,  has  a  sensitivity  near  that 
of  Comp  B  (RDVTin?/Wax,  60/40/1).  Conparatlve  data  from 
Ref.  (15)  on  results  for  0.5  In.  dlam.  cylindrical  steel  pro¬ 
jectiles  are: 


50^  Velocity 
ft/sec. 

RDX/TNT,  60/40  2760 

RD3^ax,  85/17  2980 

Pi^m  the  Hugonlots  of  the  explosive  amd  Iron,  this  505^  velocity 
gives  an  Initiating  pressure  of  46  kbar  for  cyclo+^ol  60/40; 
this  should  also  be  very  nearly  the  Initiating  pressure  for 
Conp  B  and  has  been  so  labelled  in  Pig.  1.  If  through  this  one 
value  for  Comp  B  a  curve  is  constructed  parallel  to  that  for 
RDVWax,  It  extrapolates  to  an  Initiating  pi^ssure  of  29.9  kbar 
for  a  projectile  of  tv'o  In.  diameter  (corresponding  to  the 
donor  dlauneter)  Impact inr^  on  an  xmconflned  Comp  B  acceptor  of 
1^  In.  diameter.  The  c.  tlogous  gap  test  result  for  unccnflred 
Corap  B  Is  an  Incident  pleasure  of  30  kbar  (Table  1)  and  an 
Initiating  pressure  of  56  kbar,  17jC  higher  than  the  value 
measured  by  the  blunt  nosed  bullet  test.  This  difference  is  In 
the  direction  to  be  expected  from  the  fact  that  the  projectiles 
were  effectively  Infinite  In  ler.gth  whereas  the  gap  test  doner 
Is  not;  Its  length  to  diameter  ratio  Is  only  one.  Some  of  the 
difference  may  also  arise  from  the  different  pressure  loading 
In  the  two  cases.  From  the  Impact  of  0.5  in.  diameter 
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FIG.I  PROJECTILE  DIAMETER  EFFECT  ON  INITIATING  PRESSURE 
OF  ROX/WAX,  83/17 
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cylinders,  Brown  and  Whitbread  believe  a  square  pressure  pulse 
is  formed;  in  the  case  of  RDX/Wax,  85/17*  they  report  a  re¬ 
quired  initiating  pressure  of  50  kbars  with  a  duration  of  0.6 
p,8ec  or  greater.  The  shock  loading  of  the  standardized  gap 
test  gives  a  peak  pressure  followed  by  an  exponential  pressure 
decay;  it  is  estimated  that  the  pressure  will  fall  to  505^  of 
its  peak  value  in  2  to  5  p.sec  (5). 

Comparison  of  the  projectile  results  with  those  from  the 
standardized  gap  teat  Introduces  another  factor,  the  conflne- 
ment  of  the  acceptor;  this  is  absent  in  the  bullet  test, 
present  in  the  gap  teat.  Thus  the  initiating  pressure  of  21.2 
kbar  for  confined  Comp  B  in  the  gap  test  is  lower  than  the  29.9 
kbar  for  unconflned  Comp  B  in  the  bullet  test.  Again  the 
difference  and  shift  is  in  the  direction  to  be  expected  as  a 
result  of  the  confinement. 

It  la  quite  evident  from  the  present  results  that  the 
blunt  nosed  bullet  and  gap  tests,  under  coiiflparable  Impact,  con¬ 
ditions,  measure  initiating  pressures  of  approximately  the  same 
value.  In  view  of  the  present  analysis  as  well  as  the  Bi'own 
auid  Whitbread  (15)  insults  for  gap  and  bullet  testa  carried  out 
on  identical  preparations  of  explosives,  it  seems  probable  that 
the  Initiating  pressures  measured  under  comparable  wndltlons 
in  the  two  ways  are  quantitatively  the  same.  Additional  data 
and  analysis  of  the  type  given  in  Fig.  1  will  be  necessary  to 
establish  quantitative  or  semi-quantitative  equivalence. 

Ey  use  of  the  Hugonlots,  and  on  the  assumption  that  the 
blunt  nosed  bullet  and  standard  gap  tests  measure  the  same 
Initiating  pressure,  50Jj  velocities  for  steel  cylinders  of 
diameter  equivalent  to  that  of  the  gap  test  can  be  found  from 
gap  test  values.  Moreover,  by  comparison  with  Ref.  (15)  data, 
the  variation  in  50$^  velocity  with  bullet  dlaiueter  and  from 
cylinders  to  spheres  can  be  seen.  The  conqparlsons  are  shown 
in  Table  5  and  Figure  2. 

H-5515  has  been  Included  in  Table  5  as  a  typical  nltrasol; 
its  initiating  pressure  is  also  representative  of  the  double¬ 
base  and  older  hybrid  double-base  propellants.  Pressed  TMT  has 
been  included  as  an  example  of  material  more  shock  sensitive 
than  cast  Corap  B;  the  values  for  TNT(p)  are  enclosed  in 
parentheses  because  the  approximation  of  its  Hugonlot  by  that 
for  cast  TNT  Introduces  greater  error  than  a  similar  approxi¬ 
mation  for  the  three  non-porous  materials.  Bracketed  values 
are  estimates  obtained  by  approximations  described  in  the 
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footnotes  of  the  table.  The  50fS  velocity  of  3592  ft/sec  for 
the  nltrasol  explains  again  the  failure  to  obtain  detonation 
In  the  field  test  at  1000  ft/sec. 

Pig.  2  Illustrates  the  variation  found:  an  Increase  in  the 
50^  velocity  required  for  initiation  with  decrease  in  inqpact 
area;  the  decrease  in  area  follows  that  in  diameter:  the  effec¬ 
tive  diameter  of  the  gap  test,  the  0.5  In.  diameter  cylinder, 
the  0.5  in.  diameter  sphere.  The  least  satisfactory  cuin^e  is 
that  for  the  spherical  projectiles.  It  has  been  drawn  through 
the  data  for  non-porous  materials  because  the  iny>act  area 
caused  by  the  spherical  projectile  should  be  about  the  same 
within  this  group.  The  impact  area  created  in  a  porous  charge 
should  be  considerably  larger.  It  is  to  this  difference 
between  the  porous  and  non-porous  materials  that  the  large 
departure  from  the  curve  of  the  point  for  TNT(p)  Is  ascribed. 

It  Is  Interesting  to  note  that  the  Initiation  of  cast  TMT 
(critical  diameter  about  2.7  cm.)  by  the  Inqpact  of  a  1.27  cm. 
diameter  sphere  Is  an  Instance  of  shock  initiation  with  the 
inva>ct  area  well  below  the  material's  critical  diameter.  The 
point  is  of  interest  because  it  has  been  claimed  that  “'■he 
Initiation  source  must  have  a  diameter  at  least  eqpaal  tv  the 
critical  diameter  of  the  acceptor"  (if  detonation  is  induced 
in  the  acceptor)  ( l4 ) . 

As  the  data  of  Table  3  show,  the  accumulative  effect  of 
the  approximations  used  has  wiped  out  any  sensitivity  differ¬ 
ence  between  TNT  and  tetrytol  91/9.  Addition  of  95C  tetryl  to 
TOT  would  be  expected  to  Increase  its  shock  sensitivity  by  a 
small  amount;  that  this  Is,  in  fact,  the  case  is  indicated  by 
the  difference  in  the  50fS  velocities  measured  with  spherical 
projectiles.  The  difference  is  about  4^5  of  the  measured 
velocity  values  and  in  the  direction  to  show  tetrytol  more 
sensitive  than  TOT. 

The  chief  assumptions  used  have  been: 

(a)  that  the  other  explosives  of  Table  3  will  have  curves 
parallel  to  that  of  Fig.  1  for  KD^/Wax. 

(b)  that  the  other  explosives  of  Table  3  will  show  about 
the  confinement  effect  exhibited  by  Comp  B. 

(c)  that  the  values  of  Initiating  pressure  vs.  reciprocal 
diameter  of  impact  extrapolated  to  a  two  in.  diameter  donor 
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will  exceed  the  Initiating  pressure  measured  by  the  standard¬ 
ized  gap  test  by  a  factor  of  1.4l  as  Is  the  case  for  Comp  B 
in  the  standard  confinement.  Extrapolation  of  this  ctirve 
assumes  that  the  trend  continues  evenly  at  least  to  the  two 
in.  diameter.  Of  course,  a  point  beyond  which  there  is  no 
measurable  diameter  effect  should  be  reached  at  some  finite 
diameter. 

(d)  that  tae  British  cyclotol  60/40  prepared  from 
Bridgewater  RDX  approximates  closely  the  NOL  Comp  B. 

(e)  that  the  Hugonlot  of  the  unreacted  explosive  can  be 
approximated  by  that  for  cast  TNT. 

It  la  obvious  that  so  many  approximations  will  Introduce  some 
error;  such  error  is  illustrated  by  the  results  for  TNT  and 
tetrytol  91/9  described  above.  The  error  introduced  is 
believed  to  be  small  as  the  illustration  suggests.  Conse¬ 
quently,  although  the  two  lower  curves  of  Pig.  2  may  not  be 
exact,  the  qualitative  trends  they  indicate  are  valid  as  well 
as  expected. 


SHOCK  SENSITIVITY  OP  RECENT  PROPELLANTS 

Earlier  work  (2,  j)  showed  that  the  most  sensitive  non- 
porous  propellant  received  and  tested  required  an  initiating 
pressure  of  57  kbar  as  compared  to  57  kbar  for  cast  TNT,  the 
least  sensitive  of  the  conventional  field  explosives.  During 
the  past  six  months,  six  8an?)les  of  hybrid  double-base  (NO, 

NC,  Al,  AP,  and  HMX)  propellants  have  been  tested.  Their  test 
values  are  given  in  Table  4  and  plotted  in  Fig.  5.  In  the 
range  of  11  to  44$^  HMX,  the  reciprocal  initiating  pressure 
shows  an  appai?ent  linear  variation  with  the  HMX  content  of  the 
propellant.  The  linear  curve  extrapolates  to  47.8  kbar  at 
0^  HMX,  as  compared  to  69.7  (DDP-70),  and  to  21  kbar  at  1005< 
HMX,  as  compared  to  5.6  kbar  for  RDX.  Thus  the  curve  of  Pig. 5 
is  probably  not  the  correct  relationship.  Although  the  present 
results  are  Inadequate  to  establish  a  relationship,  they  do 
show  very  clearly  that  the  hybrid  propellants  containing  HMX 
destroy  the  former  division  between  propellants  and  field 
explosives.  The  two  materials  containing  25.9^  and  44^  HMX, 
a  high  explosive,  exhibit  lower  initiating  pressures  than  does 
cast  TNT. 
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FIG.  3  VARIATION  OF  INITIATING  PRESSURE  WITH  HMX  CONTENT 


CONFIDENTIAL 
NOLTR  62-41 


INFORI-iATION  ABOUT  LOV/  BIFULGE  REACTIONS 

The  standardized  test  is  deslftned  to  measure  the  shock 
sensitivity  of  materials  reacting  to  give  a  high  In^iulse;  the 
minimum  impulse  for  the  reactions  it  tests  Is  that  necessary  to 
punch  a  hole  in  the  cold-rolled  steel  witness  plate  (3),  All 
non-porous  propellants  v.'hlch  have  been  tested  have  either  pro¬ 
duced  much  more  than  this  mlnlmrim  impulse  or  so  little  that  the 
witness  plate  was  undamaged.  Hov/over,  some  porous  materials 
have  exhibited  no-go  at  zero  gap  l.e.,  failed  to  punch  the 
plate,  but  have  also  shov-n  a  shock  initiated  reaction  of  suffic¬ 
ient  impulse  to  bulge  and  bend  the  witness  plate.  Any  reaction 
capable  of  damaging  a  3/8  in.  thick  steel  plate  is  of  Importance 
for  safety  considerations  even  if  the  damage  it  can  cause  is 
less  than  that  of  the  higher  impulse  reactions.  It  is  therefore 
desirable  to  have  a  means  of  assessing  such  lower  impulse 
reactions. 

In  principle,  1t  is  possible  to  design  separate  tests  to 
measure : 

(a)  Sensitivity  of  initiation  to  any  self-propagating 
reaction,  and 

(b)  The  strength  l.e.,  maxinaim  pressui?e  of  the  self- 
propagating  reaction  initiated  by  shock. 

In  practice,  such  an  absolute  division  in  testing  non-porous 
propellants  seems  unnecessary’'  because  no  sample  tested  has  been 
in  the  lower  Impulse  region;  the  division  seems  undesirable 
because  of  the  long  tine  required  to  develop  new  reliable  t>sts. 
Consequently,  it  is  proposed  thac  the  standardized  gap  test  be 
used,  as  in  the  past,  to  cover  simultaneously  parts  of  (a)  and 
(b)  and  that  if  a  material  is  found  to  damage,  but  not  punrh, 
the  witness  plate.  Information  be  obtained  to  supplement  the 
gap  test  result. 

The  simplest  way  to  obtain  such  supplementary  Information 
is  to  use  the  standardized  test  geometry  with  the  replacement 
of  the  5/8  In.  witness  plate  by  another  sensor  capable  of 
responding  unambiguously  to  lower  Impulse  loadings.  The  first 
substitute  investigated  vras  thinner  witness  plates.  It  was 
found  that  they  gave  too  small  a  range  in  response  to  be 
satisfactory.  (See  Appendix  A). 
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The  method  which  was  then  developed,  and  which  Is  satis¬ 
factory,  utilizes  an  explosive  witness  system.  Pig.  4  shows 
the  standardized  gap  test  with  a  steel  witness  plate.  To  study 
lower  Impulse  reactions  l.e.,  those  that  result  In  pressures  of 
about  31,  kbar  or  less  In  the  reacting  material,  the  stoel  plate 
adjacent  to  the  test  material  is  replaced  by  another  5>5  in. 
length  tube  of  any  detonable  material  for  which  the  Initiating 
pressure  is  already  known;  the  modified  geometry  is  shown  in 
Pig.  5.  As  the  figure  shows,  the  steel  plate  is  still  used  to 
witness  the  high  Impulse  reaction  of  the  explosive  witness 
after  the  high  Impulse  reaction  has  been  Initiated  by  the  low 
Impulse  reaction  of  the  test  material. 

The  choice  of  explosive  sensors  can  be  made  from  materials 
already  studied.  A  typical  selection  is: 


Explosive  v/ltness 

Propellants 
TiYi’  (cast) 

Comp  B  (cast) 
DI1^IA  (cast) 


Initiating  Pressure-kbar 

ca  50 
57.3 
21.2 
6.3 


Intermediate  levels  can  be  obtained  by  combining  or  diluting 
these  raterials.  Since  all  of  then  are  non-porous  ard  have 
approximately  the  same  impedance  as  the  non-porous  piopellants, 
the  incident  pressure,  or  pressure  generated  by  the  reaction  of 
the  test  material  and  the  quantity  of  Interest  in  assessing 
damage,  will  be  nearly  equal  to  the  Initiating  pressure  re¬ 
quired  by  the  explosive  witness.  Porous  sensors  e.g.,  PETN  at 
=  1  g/cc  with  2.5  kbar  initiating  pressure  (18),  should  be 
avoided  because  the  Incident  pressure  from  a  non-porous  test 
nu.terlal  must  be  much  higher  than  the  low  Initiating  pressure 
of  such  a  sensor  to  induce  Its  detonation.  Slmllau?  difficul¬ 
ties  from  inpedance  mismatch  arise  In  testing  a  porous  material 
with  a  non-porous  explosive  witness.  The  study  of  low  Impulse 
materials  by  the  method  Indicated  In  Fig.  5  ie  best  applied 
only  to  non-porous  materials. 


The  present  method  not  only  provides  an  estimate  of 
Inaction  pressure  of  the  test  material  but  also.  If  the  strength 
of  the  reaction  warrants  It,  a  way  of  measuring  the  shock 
sensitivity  of  the  reaction.  This  can  be  done  by  using  the 
stemdard  gap  testing  procedure  with  the  appropriate  explosive 
witness  system  In  place  of  the  steel  witness  plate.  Thus  a 
measure  of  both  the  ease  of  Initiation  and  of  the  strength  of 
a  low  in?>ulse  reaction  cam  be  obtained. 
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FIG.  4  CHARGE  ASSEMBLY  AND  DIMENSIONS  FOR  NOL 
STANDARDIZED  GAP  TEST 


NOLTR  62- 4i 


FIG.  5  TEST  ASSEMBLY  USING  THE  EXPLOSIVE  WITNESS  SYSTEM 
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A2  though,  fch©  method  Is  designed  to  study  non-poTOUs 
materials.  It  is  necessary  to  Illustrate  Its  application  with 

because  no  non-porous  propellaiit 
exhibiting  the  lower  impulse  behavior  Is  available.  Porous 
ammonium  perchlorate  (ap)  of  average  particle  size  of  25a  and 

g°ven”fn'*Tabie^'‘:°^  chosen;  the  test  results  are 

/,  initiating  pressures  of  cast  THIP  and  cast 

explosive  witness  svstems 

were  determined  to  be  about  57  and  25  kbar  respectively'.  It 
was  also  shorn  that  doubling  the  length  of  the  Crap  B  acceptor 
had  no  effect  on  the  me-isured  initiating  pressure  l.e.,  that 
the  length/diara®ter  ratio  of  the  standard  gap  test  is  suffic¬ 
ient  for  complete  build-up .  Earlier  results  on  porous  AP  were 
repeated;  a  no-go  at  zero  gap  in  the  standardized  test  but 
obvious  damage  to  the  witness  plate.  With  both  of  the  explo- 

^  so  was  obtained  and  In  both  cases  the 
required  incident  pressure  was  about  15  kbar.  To  determine 
the  pressure  retired  to  initiate  the  AP  it  Is  necessary  to  use 

^^®  available  Hugonlot  data, 

that  set  which  might  best  approximate  porous  AP  Is  the  Huecnlot 
for  porous  PETN  (p  =  1  g/cc)  (18).  Use  of  this  Hugonlot^  lid 
^  inci^®nt  pressure  of  15  kbar  at  the  Lvcite/A?  b^darv  gives 
f”  ''P  about  5  kbar  for  the  AP.  This' mater¬ 

ial  is  therefore  very  shock  sensitive  and  its  low  Impulse 
reaction  easy  to  initiate.  .luvuxoe 

maximum  pressure  generated  by  the  low  Irtpulse  reaction 
Is  harder  to  estimate  since  it  requires  Hugonlot  data  ^or  she 
r®acticn  Products.  Qualitatively;  it  Is  ^re  than  sumclSt 
to  initiate  T^,  the  less  sensitive  explosive,  but  not  much 

°if^ce  an  attenyation  of  about  0.22  inches 
of  Luclte  prevents  the  Initiation.  The  computed  detonation 
pressure  for  AP  (p^  =  0.05)  is  about  JO  kbar  (IS);  this  Is  a 

AP/TI-T  boundary  to  transmit  about 
57  kbar  to  the  INT  and  thus  initiate  detonation  of  the  TNT. 

Finally,  the  test  data  in  Table  5  for  the  length  of  gao 
??®^”®fi?-^?®  ^®c®Ptor  and  explosive  witness,  necess2U?y  to  atten- 
loading  from  the  AP  reaction  until  It  Is  too  weak  to 
the  e^losive  witness,  serves  also  to  show  that  the 
initiation  of  the  explosive  witness  is  by  shock  not  by  a  flame 

!'l?®  *^®®®*^oslng  AP,  The  plastic  material  of  the  gao 
/rill  transmit  conpresslon  pulses,  but  prevent  proragatlon  of 
any  normal  bu.ming  front.  oi 
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IMPORTANT  RESULTS  OP  STUDY 

The  more  Inportant  results  of  the  present  study  can  he 
briefly  summarized  as  follows: 

1,  The  pressure  required  to  Initiate  detonation  in  a 
given  detonable  material  decreases  from  Its  highest  value  near 
the  material's  critical  diameter  to  Its  lowest  value  at  a 
charge  diameter  which  Is  effectively  lnflrd.te;  this  latter 
value  Is  an  Intrinsic  sensitivity  property  of  the  material  in 
the  physical  state  ( tenperature,  density,  particle  size)  tested, 

2.  The  confinement  used  In  the  standardized  gap  test 
varies  In  effectiveness  with  the  material  tested;  for  cast 
Conp  B,  It  increases  the  effective  diameter  about  2.5  times 
for  the  standard  loading  provided  by  the  standard  tetryl  donor, 

3.  The  Initiation  pressure  measured  by  the  standardized 
gap  test  Is  near  that  for  the  Infinite  diameter  charge;  this  is 
Indicated  by  the  correlations  found  between  (a)  large  scale 
field  tests  and  50^  g^P  values,  (b)  blunt-nosed  bullet  tests 
and  50$^  gap  values,  and  (c)  the  wedge  test  results  and  50$^  gap 
values. 

4.  Recent  propellant  samples  show  greater  shock  sensi¬ 
tivity  than  that  of  cast  TNT, 

5,  Shock  Initiated  reactions  of  such  low  lufi>ulse  that 
they  damage  but  do  not  punch  the  standard  witness  plate  can  be 
studied  by  use  of  a  high  explosive  system  as  a  wltnes*^, 

6,  Judicious  choices  of  explosive  witnesses  permit  not 
only  the  measurement  of  the  shock  sensitivity  but  also  of  the 
maximum  pressure  generated  by  the  low  liqpulse  reaction.  The 
latter  quantity  gives  an  estimate  of  the  damage  to  be  expected 
from  the  reaction. 
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APPENDIX  A 

SOME  PROPERTIES  OP  VARIOUS  STEEL  WITNESS  PLATES 

A  short  Investigation  was  made  of  the  feasibilit7  of  using 
steel  witness  plates  thinner  than  the  standard  5/8  in.  plate  of 
the  staindardlzed  test.  The  puT'pose  was  to  obtain  a  witness 
sensitive  to  lower  impulse  loadings  than  is  the  standard  plate. 

A  series  of  plates,  varying  in  thickness  from  l/l6  up  to  5/8 
inch,  was  tested.  The  loading  required  to  punch  a  hole  was 
determined  as  in  Ref.  (3).  The  data  obtained  are  given  in 
Table  Al.  They  chcv;; 

1.  The  standard  3/8  in.  cold-rolled  plate  varied  from 
batch  to  batch  so  that  the  minimum  transmitted  pressure  for 
punching  a  hole  varied  from  64  to  96  kbar.  (This  variation  has 
no  effect  on  the  results  for  high  ln5>ulse  reactions.) 

2.  The  1/4  inch  plates  required  almost  as  high  a  pressure 
as  the  3/8  inch.*  They  were  superior  to  the  3/8  inch  in  having 
less  tendency  to  spall, 

3.  The  1/8  inch  plates  showed  little  difference  from  the 
1/4  inch  in  required  loading  cind  were  less  practical  in  that 
they  were  badly  bent  from  infiact  on  the  bombproof  celling. 

4.  Tlie  1/16  inch  plates  were  completely  impractical. 

5.  Annealing  either  increased  the  pressui’e  r^n  •‘rsd  to 
punch  the  plate  or  had  no  effect  on  it.  There  was  no  correla¬ 
tion  found  betv;een  the  Rockwell  B  hardness  and  the  required 
pressures. 

Since  the  steel  plates  provided  too  narrow  a  range  in 
required  pressures  and  too  wide  a  variation  from  batch  to  batch, 
it  was  decided  that  they  would  be  unsatisfactory  witnesses  for 
low  impulse  reactions. 

Metallurgical  examination  of  the  various  3/8  inch  witness 
plates  showed  no  differences  in  their  chemical  composition, 
but  did  show  different  mlcrostinicture.  The  plates  which  spalled 
easily  had  fairly  large  pearlltlc  areas  tending  to  be  aligned 
parallel  to  the  rolling  direction  of  the  plate  whereas  such 
areas  in  the  Batch  1  plates  were  smaller  and  uniformly 
distributed. 


•Batch  No,  2  unannealed  excepted. 
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